In our previous study (Woo, K. K., et al., Biosci. Biotechnol. Biochem., 68, 2547-2556 (2004 , we purified an -mannosidase from Ginkgo biloba seeds; it was activated by cobalt ions and highly active towards highmannose type free N-glycans occurring in plant cells. In the present study, we have found that the substrate specificity of Ginkgo -mannosidase is significantly regulated by cobalt ions. When pyridylamino derivative of Man9GlcNAc2 (M9A) was incubated with Ginkgomannosidase in the absence of cobalt ions, Man5-GlcNAc2-PA (M5A) having no 1-2 mannosyl residue was obtained as a major product. On the other hand, when Man9GlcNAc2-PA was incubated with -mannosidase in the presence of Co 2þ (1 mM), Man3-1GlcNAc2-PA were obtained as major products releasing 1-3/6 mannosyl residues in addition to 1-2 mannosyl residues. The structures of the products (Man8-5GlcNAc2-PA) derived from M9A by enzyme digestion in the absence of cobalt ions were the same as those in the presence of cobalt ions. These results clearly suggest that the trimming pathway from M9A to M5A is not affected by the addition of cobalt ions, but that hydrolytic activity towards 1-3/6 mannosyl linkages is stimulated by Co 2þ . Structural analysis of the products also showed clearly that Ginkgo -mannosidase can produce truncated high-mannose type N-glycans, found in developing or growing plant cells, suggesting thatmannosidase might be involved in the degradation of high-mannose type free N-glycans.
It has been reported that developing plant cells contain free N-glycans, [1] [2] [3] [4] [5] [6] [7] [8] and that these oligosaccharides might work as signaling molecules. 9) As part of a study to elucidate the physiological function(s) of free N-glycans and deglycosylation mechanism in developing plant cells, we purified and characterized several endo--N-acetylglucosaminidases (endo--N-GlcNAcase) and peptide:N-glycanase (PNGase). 8, [10] [11] [12] [13] [14] On the basis of structural analysis of such free N-glycans in plant cells and functional features of plant endo--NGlcNAc-ase and PNGase, we suggested that the highmannose type should be generated by the endo--NGlcNAc-ase and plant complex type N-glycans by PNGase.
14) The degradation mechanism of such free N-glycans, however, remains to be analyzed.
In our previous study, 15) we purified an -mannosidase from Ginkgo biloba seeds, one which was activated by Co 2þ and preferred high-mannose type N-glycans with one GlcNAc residue to those N-glycans with the chitobiose unit as endogenous substrate, suggesting that this -mannosidase might be involved in the degradation of high-mannose type free N-glycans. Although many plant -mannosidases have been purified and characterized from seeds or fruits, those plant enzymes often require zinc or calcium ions for full activity and show optimum activity in the acidic region. [16] [17] [18] [19] [20] Furthermore, it has been reported that these plant acidic -mannosidases might be involved in the turnover of aged or inactivated glycoproteins in vacuole or protein body.
On the other hand, several lines of evidence, especially in the cytosol of animal cells, showed the occurrence of -mannosidase which is involved in the y To whom correspondence should be addressed. Fax: +81-86-251-8388; E-mail: yosh8mar@cc.okayama-u.ac.jp Abbreviations: PA-, pyridylamino; RP-HPLC, reverse-phase HPLC; SF-HPLC, size-fractionation HPLC; Man, D-mannose; GlcNAc, N-acetyl-Dglucosamine; Ml, Man1-4GlcNAc1-4GlcNAc-PA; M2A, Man1-3Man1-4GlcNAc1-4GlcNAc-PA; M2B, Man1-6Man1-4GlcNAc1-4GlcNAc-PA; M3B, Man1-6(Man1-3)Man1-4GlcNAc1-4GlcNAc-PA; M4C, Man1-3Man1
degradation of high-mannose type free N-glycans derived by endo--N-acetylglucosaminidase and accumulated in cytosol. [21] [22] [23] [24] [25] [26] Interestingly, it has been reported that these cytosolic -mannosidases in animal cells require cobalt ions for optimum activity and that the substrate specificity is regulated by cobalt cation. 26) Since Ginkgo -mannosidase possesses similar enzymatic properties to those of animal cytosolic -mannosidases, we assumed that the -mannosidase might be involved in the turnover of free N-glycans occurring in developing Ginkgo seeds, 7) instead of the turnover of aged or denatured glycoproteins in vacuole.
Hence, we started to analyze the functional features of the plant -mannosidase(s) that are responsible for degradation of putative signaling molecules (free Nglycans). Since we have purified and characterized a unique cobalt-sensitive -mannosidase from Ginkgo biloba seeds, 15) in this report we describe the cobaltregulated substrate specificity of Ginkgo -mannosidase and propose a trimming pathway from Man9GlcNAc2-PA to Man1GlcNAc2-PA in the presence and absence of cobalt ions. Furthermore, from the viewpoint of application of the glycosidase to glycoscience, the functional feature of Ginkgo -mannosidase revealed in the present study shows that the enzyme can be a good tool for structural analysis or remodeling of N-glycans of glycoproteins.
Materials and Methods
Materials. Mature seeds of Ginkgo biloba were collected on the campus of the Faculty of Agriculture of Okayama University. A Cosmosil 5C18-AR column (0:6 Â 25 cm) was purchased from Nacalai Tesque (Kyoto, Japan). An Asahipak NH2P-50 column (1:0 Â 25 cm) and a Shodex IEC QA-825 column were purchased from Showa Denko (Tokyo, Japan). Authentic PA-sugar chains (M9A, M8A, M8C, M7A, M7B, M7D, M6B, M5A, and M4C) were prepared as described in previous papers. [27] [28] [29] [30] [31] [32] M3B was derived from GlcNAc2Man3GlcNAc2-PA 32) by diplococcal -N-acetylhexosaminidase digestion.
Plant -mannosidase was purified from Ginkgo biloba seeds according to procedures described previously, 15) employing sequential ammonium sulfate precipitation, Q-Sepharose anion exchange chromatography, ButylToyopearl hydrophobic interaction chromatography, Sephadex G75 gel filtration chromatography, QA-HPLC anion exchange chromatography, and TSK 3000SWXL gel filtration chromatography. The purity of the gel filtration product was tested by SDS-PAGE by the Laemmli method. 33) As shown in Fig. 1 , the purifiedmannosidase gave a single band under the reducing condition, showing that the molecular weight of Ginkgo -mannosidase is about 120 kDa, as described in our previous paper.
15)
Structural analysis of N-glycans produced by Ginkgo -mannosidase by HPLC. PA-sugar chains produced by Ginkgo -mannosidase were analyzed by size-fractionation (SF-) HPLC on an Shodex Asahipak NH2P-50 column (1:0 Â 25 cm). The PA-sugar chains was eluted by increasing the water content in the water-acetonitrile mixture from 15% to 60% linearly in 60 min at a flow rate of 1.5 ml/min. Isomeric structures were identified by reverse-phase HPLC on a Cosmosil 5C18-AR column (0:6 Â 25 cm). PA-sugar chains fractionated by SF-HPLC were loaded on the reversed-phase column and eluted by increasing the acetonitrile concentration in 0.02% TFA linearly from 0 to 15% in 25 min at a flow rate of 1.2 ml/min. PA-sugar chains were monitored with a Jasco 821-FP Intelligent Spectrofluorometer (Excitation 310 nm, Emission 380 nm).
Enzyme assay. Man9GlcNAc2-PA (M9A) was incubated with the purified Ginkgo -mannosidase in 25 mM Na-acetate buffer, pH 5.0, with or without 1 mM CoCl2 at 37 C for 30 min, 2 h, or 24 h. The enzyme reaction was stopped by boiling the reaction mixture for 3 min. After centrifugation, the supernatant was applied to SF-HPLC to separate each PA-sugar chain derived from M9A. One unit of enzyme activity was defined as the amount of the enzyme releasing 1 mmol of p-nitrophenol from p-nitrophenyl--mannoside per min at 37 C.
Results
Effect of pH on Ginkgo -mannosidase As shown in Fig. 2 , when the -mannosidase was incubated with Man6GlcNAc2-PA (M6B) as a substrate in various pH buffers (0.1 M glycine-HCl buffer for pH 2.0-3.0, 0.1 M MES buffer for pH 4.0-6.5, and 0.1 M HEPES buffer for pH 7.0-7.5), the enzyme showed The proteins were separated by SDS-PAGE using 7.5% gel and stained with Coomassie brilliant blue. M, molecular marker proteins: 1, Ginkgo -Mannosidase treated with 2-mercaptoethanol. Myosin (212 kDa); -macroglobulin (170 kDa); -galactosidase (116 kDa); transferrin (76 kDa); glutamic dehydrogenase (53 kDa).
maximum activity at about pH 5.0. In this assay, M6B was converted to M5A and M4C. In our previous paper, 15) when -mannosidase was incubated with Man5GlcNAc1-PA (M5A 0 ) as a substrate in various pH buffers, the enzyme showed maximum activity at about pH 5.0. This result suggests that the reducing-end side structure of substrate N-glycans (R-Man1-4GlcNAc1-4GlcNAc-PA or R-Man1-4GlcNAc-PA) did not affect the optimum pH for the enzyme reaction.
Hydrolytic activity towards M9A without and with Co 2þ
When Man9GlcNAc2-PA (1 nmol) was incubated with Ginkgo -mannosidase (2.7 munits) in Na-acetate buffer, pH 5.0, for 2 h, M9A was mainly converted to Man8GlcNAc2-PA, releasing one mannose residue (Fig. 3A) . After 24 h incubation, M9A was mainly converted to Man5GlcNAc2-PA (Fig. 3B) , although small amounts of Man6GlcNAc2-PA and Man4-GlcNAc2-PA were also produced. As described below, the main product (Man5GlcNAc2-PA) carries no 1-2 mannosyl residue, indicating that this Ginkgo -mannosidase possesses 1-2 mannosidase-like activity in the absence of cobalt ions.
On the other hand, when Man9GlcNAc2-PA (1 nmol) was incubated with Ginkgo -mannosidase (2.7 munits) in Na-acetate buffer, pH 5.0, containing 1 mM CoCl2 for as little as 30 min, several truncated structures (Man8-5-GlcNAc2-PA) formed, as shown in Fig. 4 -A. After 24 h incubation, more truncated structures (Man3-1GlcNAc2-PA) were produced. Furthermore, prolonged incubation (48 h) produced only one final product, Man1GlcNAc2-PA, suggesting that this Ginkgo enzyme can hydrolyze all -mannosyl linkages (data not shown). This result suggests that cobalt ions enhance Ginkgo -mannosidase Relative activity was expressed as a percentage of each activity towards the maximum activity obtained at pH 5.0. Each activity was calculated as described in a previous paper.
15 ) The enzyme was incubated with Man6GlcNAc2-PA in various pH buffers (0.1 M glycine-HCl buffer for pH 2.0-3.0 ( -), 0.1 M MES buffer for pH 4.0-6.5 ( -), and 0.1 M HEPES buffer for pH 7.0-7.5 ( -). activity and change the specificity from 1-2 mannosidase-like activity to 1-2/1-3/1-6 mannosidase activity.
Structural analysis of Man8-1GlcNAc2-PA produced from Man9GlcNAc2-PA by Ginkgo -mannosidase digestion
To identify the hydrolytic pathway from Man9Glc-NAc2-PA to Man1GlcNAc2-PA by Ginkgo -mannosidase, structures of the products (Man8-2GlcNAc2-PA) were analyzed by a combination of SF-HPLC and RP-HPLC. Each product was separated by SF-HPLC, then each isomeric structure was identified by RP-HPLC, comparing the elution position of each product PA-sugar chain with those of authentic PA-sugar chains.
Structure of Man8GlcNAc2-PA As shown in Figs. 5-I and 6-I, the fraction of M8 gave a single peak on Cosmosil 5C18 AR column, of which the elution position corresponded to that of authentic M8C (Man1-6(Man1-2Man1-3)Man1-6(Man1-2Man1-2Man1-3)Man1-4GlcNAc1-4GlcNAc-PA). This result suggests that the trimming of M9A by Ginkgo -mannosidase started with a specific release of an 1-2 mannosyl residue from the Man1-2Man1-6Man unit in M9A.
Structures of Man7GlcNAc2-PA As shown in Figs. 5-II and 6-II, the fraction of M7 gave two peaks, M7-1 (36% for without Co 2þ and 38% for with Co 2þ ) and M7-2 (64% for without Co 2þ and 62% for with Co 2þ ). The elution position of M7-1 corresponded to that of M7B (Man1-6(Man1-3)-Man1-6(Man1-2Man1-2Man1-3)Man1-4Glc-NAc1-4GlcNAc-PA). On the other hand, the elution position of M7-2 corresponded to M7D (Man1-6-(Man1-2Man1-3)Man1-6(Man1-2Man1-3)-Man1-4GlcNAc1-4GlcNAc-PA). This result suggests that the terminal 1-2 mannosyl residue of the Man1-2Man1-2Man1-unit in M8C was more susceptible to -mannosidase than the terminal 1-2 mannosyl residue of the Man1-2Man1-3Man unit.
Isomeric structures of Man6GlcNAc2-PA As shown in Figs. 3-B and 4 -A, the fraction of M6 showed a shoulder peak (M6-b) in addition to a main peak (M6-a) on the Asahipak NH2P-50 column. Therefore, these two oligosaccharide fractions were analyzed separately on the ODS column. From the M6-a fraction, two oligosaccharide peaks were separated (M6-a-1 and M6-a-2) by RP-HPLC (Figs. 5-III and 6-III). The elution position of M6-a-1 coincided with that of M6B (Man1-6(Man1-3)Man1-6(Man1-2Man1-3)- Isomeric structures of each fraction (Man8-5GlcNAc2-PA) obtained in Fig. 3 were analyzed by RP-HPLC. In the absence of cobalt ions, Man9GlcNAc2-PA was mainly converted to Man5GlcNAc2-PA, as shown in Fig. 3 . Man8-5GlcNAc2-PA were fractionated by SF-HPLC and the fractions obtained were further analyzed by RP-HPLC. M8C, M7B, M7D, M6B, and M5A indicate elution positions of these authentic PA-sugar chains. I, Man8GlcNAc2-PA fraction in Fig. 3 ; II, Man7GlcNAc2-PA fraction; III, main peak of Man6GlcNAc2-PA; IV, shoulder peak of Man6GlcNAc2-PA; V, Man5GlcNAc2-PA fraction.
Man1-4GlcNAc1-4GlcNAc-PA). Since it has been reported 20) that the M6C isomer is eluted after the M6B isomer on a ODS column, therefore, Man6-a-2 must be M6C (Man1-6(Man1-2Man1-3)Man1-6-(Man1-3)Man1-4GlcNAc1-4GlcNAc-PA). On the other hand, the M6-b gave a single oligosaccharide peak on the ODS column (Figs. 5-IV and 6-IV), of which the elution position coincided with M6-a-1 and M6B, indicating that the isomeric structure of M6-b must be M6B as well as M6-a-1. The ratio of M6B and M6C structures derived by Ginkgo -mannosidase was 43:57 without Co 2þ , and 32:68 with Co 2þ .
Structure of Man5GlcNAc2-PA
As shown in Figs. 5-V and 6-V, the fraction of M5 gave a single peak on the Cosmosil 5C18 AR column, of which the elution position coincided with that of authentic M5A (Man1-6(Man1-3)Man1-6(Man1-3)Man1-4GlcNAc1-4GlcNAc-PA), showing that the two isomers of Man6GlcNAc2-PA converged at M5A. This result suggests that Ginkgo -mannosidase hydrolyzes the 1-2 mannosyl linkage faster than the 1-3 and 1-6 mannosyl linkages.
Structure of Man4GlcNAc2-PA
The fraction of M4 gave a single peak on the Cosmosil 5C18 AR column (Fig. 6-VI) , of which the elution position corresponded to that of authentic M4C (Man1-3Man1-6(Man1-3)Man1-4GlcNAc-1-4GlcNAc-PA), suggesting that the 1-6 mannosyl linkage is more susceptible to the enzyme than the 1-3 linkage.
Structure of Man3GlcNAc2-PA As shown in Fig. 6 -VII, the fraction of M3 gave a single peak on the Cosmosil 5C18 AR column, of which the elution position corresponded to that of the trimannosyl core structure of N-glycan, M3B (Man1-6-(Man1-3)Man1-4GlcNAc1-4GlcNAc-PA).
Structure of Man2GlcNAc2-PA As shown in Fig. 6 -VIII, the fraction of M2 gave two peaks, M2-1 (28%) and M2-2 (72%) on the Cosmosil 5C18 AR column. Considering the structure of the M3 fraction (M3B), the resulting structures of the two Man2GlcNAc2-PA (M2-a and M2-b) must be M2A (Man1-3Man1-4GlcNAc1-4GlcNAc-PA) Isomeric structures of each fraction (Man8-2GlcNAc2-PA) obtained in Fig. 4 were analyzed by RP-HPLC. In the presence of cobalt ions, Man9GlcNAc2-PA was finally converted to Man1GlcNAc2-PA, as shown in Fig. 4 . Man8-5GlcNAc2-PA were fractionated by SF-HPLC and the fractions obtained were further analyzed by RP-HPLC. M8C, M7B, M7D, M6B, M5A, M4C, M3B, and M1 indicate elution positions of these authentic PA-sugar chains. I, Man8GlcNAc2-PA fraction in Fig. 4 ; II, Man7GlcNAc2-PA fraction; III, main peak of Man6GlcNAc2-PA; IV, shoulder peak of Man6GlcNAc2-PA; V, Man5GlcNAc2-PA fraction; VI, Man4GlcNAc2-PA fraction; VII, Man3GlcNAc2-PA fraction; VIII, Man2GlcNAc2-PA fraction; IX, Man1GlcNAc2-PA fraction.
and M2B (Man1-6Man1-4GlcNAc1-4GlcNAc-PA respectively.
Structure of Man1GlcNAc2-PA As shown in Fig. 6 -IX, Man9GlcNAc2-PA was finally converted to Man1GlcNAc2-PA, suggesting that Ginkgo -mannosidase can hydrolyze all -mannosyl linkages in high-mannose type N-glycans in the presence of cobalt ions.
On the basis of structural analysis of truncated N-glycans, as described above, a mannose-trimming pathway from Man9GlcNAc2-PA to Man1GlcNAc2-PA derived by Ginkgo -mannosidase was deduced, as shown in Scheme 1 (from Man9GlcNAc2-PA to Man5-GlcNAc2-PA, with and without Co 2þ ) and Scheme 2 (from Man5GlcNAc2-PA to Man1GlcNAc2-PA, with Co 2þ ).
Discussion
In a previous study, 15) we purified and characterized an -mannosidase from Ginkgo biloba seeds, one which is activated by cobalt ions and hydrolyzes -mannosyl linkages in high-mannose type free N-glycans bearing one GlcNAc residue faster than those bearing the N-acetylchitobiosyl unit. These properties were very similar to those of cytosolic -mannosidases found in several animal cells. [21] [22] [23] [24] [25] From this circumstantial evidence, we surmised that this cobalt-sensitivemannosidase might be involved in the degradation of high-mannose type N-glycans occurring in developing seeds, although the subcellular localization of thismannosidase in developing seeds remains obscure. Concerning the structural features of high-mannose type free N-glycans (Man9-5GlcNAc1) in plant cells, we have reported that such free N-glycans possess a common structural unit, Man1-6(Man1-3)Man1-6(Man1-3)Man1-4GlcNAc. [4] [5] [6] [7] [8] The occurrence of Man5Glc-NAc1 having no 1-2 mannosyl residue suggests that the free N-glycans produced by plant endo--N-acetylglucosaminidase might be trimmed by 1-2 mannosidase-like activity. In this paper, therefore, we analyzed the structures of products from Man9GlcNAc2-PA derived by Ginkgo -mannosidase to confirm whether the -mannosidase have 1-2 mannosidase-like activity.
As shown in Figs. 3 and 5, Ginkgo -mannosidase produced mainly Man5GlcNAc2-PA from Man9Glc-NAc2-PA with the release of four mannosyl residues in the absence of Co 2þ , showing that this -mannosidase has 1-2 mannosidase-like activity. However, the addition of 1 mM CoCl2 (Figs. 4 and 6 ) changed the substrate specificity and hydrolyzed 1-3/1-6 mannosyl linkages in addition to the 1-2 mannosyl linkage, and the plant -mannosidase produced Man1GlcNAc2-PA from Man9GlcNAc2-PA, releasing all eight -mannosyl residues. These results clearly indicate that the divalent metal ion regulates the substrate specificity of plantmannosidase. Furthermore, we analyzed isomeric forms of each product (Man8-2GlcNAc2-PA) derived by Ginkgo -mannosidase to identify the mannose-trimming pathway from Man9GlcNAc2-PA to Man1Glc-NAc2-PA. As shown in Scheme 1, the isomeric structures of each product (Man8-5GlcNAc2-PA) produced from M9A by -mannosidase in the absence of cobalt ions were the same as those derived by the enzyme in the presence of the divalent cation, suggesting that cobalt ions change the substrate specificity but not the mannose-trimming manner from Man9GlcNAc2 (M9A) to Man5GlcNAc2 (M5A). The structures of the truncated PA-sugar chains clearly indicated that this Ginkgomannosidase prefers the 1-2 mannosyl linkage to 1-3/6 mannosyl linkages and produces predominantly M8C, M7B, M7D, M6B, M6C, and M5A. In a previous report, 7) we found that M9A
, and M5A 0 (Man1-6-(Man1-3)Man1-6(Man1-3)Man1-4GlcNAc) occur as major components of free N-glycans in developing Ginkgo seeds. But M8 0 C (Man1-6(Man1-2Man1-3)Man1-6(Man1-2Man1-2Man1-3)Man1-4Glc-NAc) was not found in detectable amounts among highmannose type free N-glycans occurring in the developing seeds. 7) This contradiction can be explained as followings. Recently it has been reported that the Man8-GlcNAc2
[Man1-2Man1-6(Man1-3)Man1-6-(Man1-2Man1-2Man1-3)Man1-4GlcNAc; M8A] structure on misfolded glycoproteins can act as a positive marker for protein-degradation in the ERAD (endoplasmic reticulum (ER) associated degradation) system. 34) If glycoproteins or glycopeptides bearing Man8GlcNAc2 (M8A) produced in the ERAD system are endogenous substrates for the cytosolic endo--N-acetylglucosaminidase, M8A 0 structure (Man1-6-(Man1-2Man1-3)Man1-6(Man1-2Man1-2Man-1-3)Man1-4GlcNAc) might be a primary product. In fact, we have already found that a major structure of free N-glycans occurring in developing Ginkgo seeds is M8A 0 (54% of total free N-glycans), 7) although the occurrence of trace amounts of M8C 0 , which might be derived from M9A 0 , could not be denied. Therefore, M8A 0 might be a main starting substrate for Ginkgomannosidase. In this case, the main products are M7B 0 , M6B 0 , and M5A 0 , because the Ginkgo -mannosidase preferentially hydrolyzes 1-2 mannosyl residue in the Man1-2Man1-6Man1-6Man unit. Considering the results obtained in this study together with compiled information about the ERAD mechanism, we surmised that these truncated free N-glycans (M7B 0 , M6B 0 , and M5A 0 ) found in the seeds might be processed by thismannosidase. In a previous paper, 15) we reported that high-mannose type N-glycans with one GlcNAc was hydrolyzed faster than those with a chitobiosyl unit. At this moment, however, it is unclear whether the structural difference on the reducing-end side affects the trimming pathway of -mannosyl residues at the non reducing-end side. Hence, as the next step to prove the involvement of this Ginkgo -mannosidase in the degradation of high-mannose type free N-glycans, detail analysis of substrate specificity with Man9GlcNAc1-PA or Man8GlcNAc1-PA appears to be necessary.
Comparing mannose-trimming pathways from Man9-GlcNAc2-PA to Man1GlcNAc2-PA derived by Ginkgo -mannosidase with those by jack bean -mannosidase 35, 36) or almond -mannosidase, 37) interestingly, these plant -mannosidases commonly produce only one isomer (M8C) of three possible Man8GlcNAc2 structures, suggesting that the 1-2 mannosyl residue in Man1-2Man1-6Man1-6Man1-unit might be susceptible to the plant -mannosidases. Ginkgo and jack bean enzymes can produce M7B and M7D from the Man8GlcNAc2 structure, whereas almond enzyme can produce only M7D isomer. On the other hand, Ginkgo and almond enzymes can produce M6B and M6C from the Man7GlcNAc2 structure, whereas jack bean enzymes produce only M6C isomer. But these three plantmannosidases produce the same Man5GlcNAc2 structure, M5A, from the Man6GlcNAc2 structure, suggesting that these plant -mannosidases might prefer the 1-2 mannosyl linkage to 1-3/1-6 mannosyl linkages. Only Ginkgo -mannosidase produce M4C (Man1-3Man1-6(Man1-3)Man1-4GlcNAc1-4GlcNAc) and M3B (Man1-6(Man1-3)Man1-4GlcNAc1-4GlcNAc), while jack bean and almond -mannosidases produce Man1-6(Man1-3)Man1-6Man1-4Glc-NAc1-4GlcNAc and Man1-3Man1-6Man1-4Glc-NAc1-4GlcNAc as main products of the Man4Glc-NAc2 and Man3GlcNAc2 structures, respectively. This observation suggests that the action mode of Ginkgo enzyme towards 1-3/1-6 mannosyl linkages is different from those of jack bean and almond enzymes. Ginkgo enzyme produces two isomers (M2A and M2B) of Man2GlcNAc2, while jack bean and almondmannosidases produce only one isomer, M2B, suggesting that the susceptibility of Ginkgo -mannosidase to 1-3 and 1-6 mannosyl linkages in M3B is almost the same.
Although the physiological significance of Ginkgomannosidase remains unclear at this moment, the substrate specificity of this -mannosidase suggests that this enzyme, in addition to the jack bean and almond enzymes, might prove to be a powerful tool for structural and functional analysis of high-mannose type N-glycan.
